In the framework of the ESO Large Programme "First Stars", very high-quality spectra of some 70 very metalpoor dwarfs and giants were obtained with the ESO VLT and UVES spectrograph. These stars are likely to have descended from the first generation(s) of stars formed after the Big Bang, and their detailed composition provides constraints on issues such as the nature of the first supernovae, the efficiency of mixing processes in the early Galaxy, the formation and evolution of the halo of the Galaxy, and the possible sources of reionization of the Universe. This paper presents the abundance analysis of an homogeneous sample of 35 giants selected from the HK survey of Beers et al. (1992; 1999) , emphasizing stars of extremely low metallicity: 30 of our 35 stars are in the range −2.7 < [Fe/H] < −4.1, and 22 stars have [Fe/H] < −3.0. Our new VLT/UVES spectra, at a resolving power of R ∼ 45, 000 and with signal-to-noise ratios of 100-200 per pixel over the wavelength range 330 -1000 nm, are greatly superior to those of the classic studies of McWilliam et al. (1995) and Ryan, Norris, & Beers (1996) . The immediate objective of the work is to determine precise, comprehensive, and homogeneous element abundances for this large sample of the most metal-poor giants presently known. In the analysis we combine the spectral line modeling code "Turbospectrum" with OSMARCS model atmospheres, which treat continuum scattering correctly and thus allow proper interpretation of the blue regions of the spectra, where scattering becomes important relative to continuous absorption (λ < 400 nm). We obtain detailed information on the trends of elemental abundance ratios and the star-to-star scatter around those trends, enabling us to separate the relative contributions of cosmic scatter and observational/analysis errors. Abundances of 17 elements from C to Zn have been measured in all stars, including K and Zn, which have not previously been detected in stars with [Fe/H] < −3.0. Among the key results, we discuss the oxygen abundance (from the forbidden [OI] line), the different and sometimes complex trends of the abundance ratios with metallicity, the very tight relationship between the abundances of certain elements (e.g., Fe and Cr), and the high [Zn/Fe] ratio in the most metal-poor stars. Within the error bars, the trends of the abundance ratios with metallicity are consistent with those found in earlier literature, but in many cases the scatter around the average trends is much smaller than found in earlier studies, which were limited to lower-quality spectra. We find that the cosmic scatter in several element ratios may be as low as 0.05 dex. The evolution of the abundance trends and scatter with declining metallicity provides strong constraints on the yields of the first supernovae and their mixing into the early ISM. The abundance ratios found in our sample do not match the predicted yields from pair-instability hypernovae, but are consistent with element production by supernovae with progenitor masses up to 100 M ⊙ . Moreover, the composition of the ejecta that have enriched the matter now contained in our very metal-poor stars appears surprisingly uniform over the range −4.0 ≤ [Fe/H] < −3.0. This would indicate either that we are observing the products of very similar primordial bursts of high-mass stars, or that the mixing of matter from different bursts of early star formation was extremely rapid. In any case, it is unlikely that we observed the ejecta from individual (single) supernovae (as has often been concluded in previous work), as we do not see scatter due to different progenitor masses. The abundance ratios at the lowest metallicities (−4.0 ≤ [Fe/H] ≤ −3.0) are compatible with those found by McWilliam et al. (1995) and later studies. However, when elemental ratios are plotted with respect to Mg, we find no clear slopes below [Mg/H] = -3, but rather, a plateau-like behaviour defining a set of initial yields.
Introduction
The early chemical evolution of the Galaxy is recorded in the elemental abundances in the atmospheres of its lowmass, extremely metal-poor (XMP) stars. In the present Galaxy such stars are quite rare, especially the most metal-deficient examples. In particular, no star completely without heavy metals (a Pop III star) has been observed to date, although the recent discovery of a star with [Fe/H] = -5.3 (HE 0107-5240; Christlieb et al. 2002) proves that extreme examples of Pop II stars can still be found.
One simple explanation for the present lack of true zero-metallicity stars would be the early production of substantial amounts of metals by very massive, primitive zero-metal objects (Pop III stars). The lack of metals in such objects suggests that they should have formed with an Initial Mass Function (IMF) very different from that observed at present, either biased towards higher masses (e.g. Omukai & Nishi 1999; Bromm, Coppi, & Larson 1999) , or with a bimodal shape (Nakamura & Umemura 2000) . The existence of zero-metal, very massive stars is postulated because such objects are able to avoid the huge radiation pressure-driven mass loss predicted for very massive stars with significant metal content (e.g., Larson 1999; Abel, Bryan, & Norman 2000; Baraffe, Heger & Woosley 2002) . Such stars are expected to play a role not only in the first episodes of heavy-element nucleosynthesis, but also in the early reionization of the Universe (Kogut et al. 2003) . It remains possible, however, that the first stars included substantial numbers of more classical O-type stars (up to 30 − 60M ⊙ ).
According to existing models, the heavy-element yields produced by these two varieties of progenitor stars, and their ability to expel these elements into the ISM, differ from one another in a number of ways. For example, a strong "odd/even" effect and low [Zn/Fe] ratios are expected in the ejecta of very massive objects exploding as pair-instability supernovae (PISN) , contrary to what is expected to emerge from lower mass, classical supernovae. Hence, precise elemental abundance ratios in extremely metal-poor stars should provide a powerful means to discriminate between these two kinds of "first stars."
A main aim of the present programme is to obtain precise determinations of the elemental abundances in extremely metal-poor stars, since these abundances reflect the yields of the first supernovae -perhaps even of a single one according to Audouze & Silk (1995) and Ryan et al. (1996) ; see also , Nakamura et al. (1999) , , and Umeda & Nomoto (2002) . However, whether or not they are associated with single supernovae, precise abundances provide very useful constraints on model yields of the first supernovae, which are not yet well understood.
Send offprint requests to: monique.spite@obspm.fr ⋆ Based on observations obtained in the frame of the ESO programme ID 165. N-0276(A) . This work has made use of the SIMBAD database.
The most reliable information is clearly to be obtained from a homogeneous and systematic determination of elemental abundances in large samples of such stars, so that reliable trends of the abundance ratios with metallicity may be determined. Such trends may then be interpreted in terms of variable (or constant) yields as a function of time, of the progenitor masses, and/or of the metallicity of the ISM in the early Galaxy. Moreover, high-quality data and a careful, consistent analysis reduce the contribution of systematic and random errors to the star-to-star scatter of the derived abundance ratios, enabling a much better estimate of their intrinsic (cosmic) scatter and thereby constraining the efficiency of the mixing processes in the primitive halo.
Even after decades of dedicated searches, the number of XMP stars that are sufficiently bright to be studied at sufficiently high spectral resolution, even with large telescopes, remains small. The present paper reports observations of the first half of a sample of roughly 70 XMP candidates, including both turn-off and giant stars and selected from the HK survey of Beers and colleagues (Beers et al. 1992; .
Several papers have already been published on particularly interesting individual stars from this programme: Hill et al. (2002) , Depagne et al. (2002) , François et al. (2003) , and Sivarani et al. (2003) . In contrast, we discuss here the derived element abundances, from carbon to zinc, for our entire homogeneous sample of 35 very metal-poor giants. Among these, 22 have metallicities [Fe/H] < −3.0 and thus qualify as XMP stars.
We have carried out an analysis in a systematic and homogeneous way, based on the highest-quality data obtained to date. Compared to previous work (e.g. McWilliam et al. 1995; Ryan et al. 1996) , our spectra cover a substantially larger wavelength range at much higher spectral resolution and S/N ratios, allowing for a significant leap forward in the accuracy of the derived elemental abundances (Sect. 2). These abundances were derived with particular care from the spectra, supplemented by new photometric data in several colours and using state-ofthe-art model atmospheres (Sect. 3). Moreover, we study important elements, such as O, K, and Zn which were not analyzed in previous works. The derived elemental abundances and abundance ratios are presented in Sect. 4, the results are discussed in section 5, and conclusions are drawn in section 6.
Observations and reductions
The observations were performed during several runs from April 2000 to November 2001 with the VLT-UT2 and the high-resolution spectrograph UVES (Dekker et al. 2000) . Details are presented in Table 1 . Accurate coordinates for the brighter stars can be found in the SIMBAD database (http: //simbad.u-strasbg.fr/); those for other stars are given in Table 2 . In this paper the names of the stars have been shortened to, for example, CS XXXXX-XXX instead of BPS CS XXXXX-XXX, where BPS is the SIMBAD abbreviation for the catalogue of Beers, Preston, & Shectman. Several stars of our sample have duplicate names; the second name is indicated in Table 2 in italics . A dichroic beam-splitter was used for all of the observations, permitting the use of both arms of the spectrograph simultaneously; the blue arm was centered at 396nm and the red arm at either 573 or 850nm. The resulting spectral coverage is almost complete from 330 nm to 1000 nm. The entrance slit, 1" on the sky, yielded a resolving power of R ≈ 47, 000 at 400 nm and 43,000 at 630 nm. The S/N ratios per pixel at different wavelengths are summarized in Table 1 . Since there are ≈ 5 pixels per resolution element, these values should be multiplied by a factor 2.2 in order to obtain the S/N ratios per resolution element (and by 1.3 when comparing them to S/N values in the literature, as most other spectrographs have only 3 pixels per resolution element). Norris et al. (2001) defined a "figure of merit," F, which is useful for comparing the quality of high-resolution spectroscopic observations, assuming the integrated signal from observed spectral features is made with the same number of pixels. They suggest that, in order to achieve significant progress in issues of importance for Galactic chemical evolution, spectra should ideally be obtained with F larger than 500. The observations presented herein have figures of merit, F, in the blue (400 nm) between 850 and 3250, and in the red (630 nm) between 650 and 2350 (F is much higher for the two bright stars HD 122563 and BD-18:5550, which have been analysed several times in the literature and were observed with particular care to check for possible systematic errors).
The r-process enhanced, very metal-poor star CS 31082-001 was observed with slightly different settings and slit widths to obtain higher spectral resolution and complete coverage in the blue. The details of the observations for this star are given in Hill et al. (2002) .
The spectra were reduced using the UVES context (Ballester et al. 2000) within MIDAS, which performs bias and inter-order background subtraction (object and flatfield), optimal extraction of the object (rejecting cosmic ray hits), division by a flat-field frame extracted with the same optimally weighted profile as the object, wavelength calibration and rebinning to a constant value, and merging of all overlapping orders. The spectra were then co-added and finally normalized to unity in the continuum. For the reddest spectra (centered at 850 nm), instead of correcting the image by the extracted flat-field, the object frame was divided by the flat-field frame pixel-by-pixel (in 2D, before extraction), which yields a better correction of the interference fringes that appear in these frames. An example of the spectra is given in Fig. 1. 
Equivalent widths
In most cases the equivalent widths (EWs) of individual lines were measured by Gaussian fitting and then employed to determine the abundances of the different elements. The equivalent widths of the lines for each star are available as an electronic file. In the cases of elements which suffer from hyperfine structure and/or molecular bands and blends, the abundances have been directly determined by spectral synthesis.
In Fig. 2 we compare our measured EWs for stars in common with several recent spectroscopic studies, e.g., McWilliam et al. (1995) , Carretta et al. (2002) , and Johnson (2002) . The quality of Johnson's spectra is similar to ours, and the agreement between the two sets of measurements is excellent (standard deviation 3.6 mÅ for HD 122563, and only 2.2 mÅ when restricting the comparison to lines with EW < 30 mÅ). The agreement with the data of Carretta et al. is also quite good (standard deviation 5.5 mÅ for CS 22878-101). When our data are compared to the equivalent widths of McWilliam et al., however, the standard deviation is larger, 10 mÅ for CS 22892-052, presumably due to the much lower resolution and The mean difference between our EWs and those reported in the literature is generally quite small; the regression line between our data and those of Johnson, Carretta et al., or McWilliam et al. has a slope close to one, with deviations always less than 3% and a very small zero-point shift.
The expected uncertainty in the measured equivalent widths can be estimated from Cayrel's formula (1988) :
where S/N is the signal-to-noise ratio per pixel, FWHM is the full width of the line at half maximum, and δx the pixel size. The predicted accuracy, σ W , is 0.4mÅ for a typical S/N ratio of 150 and only 0.3mÅ for a S/N ratio of 200. These are also the weakest lines which can be detected in the spectra. However, it should be noted that this formula neglects the uncertainty on the continuum placement, as well as the uncertainty in the determination of the FWHM of the lines.
We estimate that, using homogeneous procedures for the determination of the continua and the line widths, the statistical error for weak lines is of the order of 0.6-1.0mÅ, Fig. 2 . Comparison between our EWs and those of Johnson (2002) , Carretta et al. (2002), and McWilliam et al. (1995) . The one-to-one relation is shown by a dashed line, the mean curve (least squares) by a full thin line. The value of the slope (a) and zero point shift (b) of the regression are given, as well as the standard deviation of the fit (σ).
depending on the S/N ratio of the spectrum and the level of crowding. Since the lines used in our abundance analysis are generally very weak, the error on the abundance determination depends almost linearly on the error of the measured equivalent widths.
Analysis and determination of the stellar parameters
The abundance analysis was performed using the LTE spectral line analysis code "Turbospectrum" together with OSMARCS model atmospheres. The OSMARCS models were originally developed by Gustafsson et al. (1975) and have been constantly improved and updated through the years by Plez et al. (1992) , Edvardsson et al. (1993) , and Asplund et al. (1997) . For a description of the most recent improvements, and the coming grid, see Gustafsson et al. 2003 . Turbospectrum is described by Alvarez & Plez (1998) , and has recently been improved, partly for this work, especially through the addition of a module for abundance determinations from measured equivalent widths.
The abundances of the different elements have been determined mainly from the measured equivalent widths of isolated, weak lines. Synthetic spectra have only been used to determine the abundance of C and N from the CH and CN molecular bands, or when lines were severely blended (e.g., for silicon) or required corrections for hyperfine splitting (e.g., for manganese).
Determination of stellar parameters
The temperatures of the programme stars were estimated from the observed colour indices using Alonso et al.'s calibration for giants (Alonso et al. 1999 ). This calibration is based on the Infrared Flux Method (IRFM), which provides the coefficients used to convert colours to effective temperatures (T ef f ).
The colours of the stars have been taken from Beers et al. (2003, in preparation) , Alonso et al. (1998) , the 2MASS catalogue (J,H,K) (Skrutskie et al. 1997; Finlator et al. 2000) , or the DENIS catalogue (I,J,K) (Epchtein et al. 1999) .
The indices V-R and V-I, originally on the Cousins system, have been transformed (Bessell 1983 ) onto the Johnson system adopted by Alonso et al. for use with the relations T ef f vs. V-R and V-I. The 2MASS J-K and V-K indices were transformed onto the TCS (Telescopio Carlos Sanchez) system through the ESO system (Carpenter 2001) , since Alonso et al. use this system for these colours. For the "CS" or "BS" stars the colour indices have been corrected for reddening following Beers et al. (1999) , who used Burstein & Heiles (1982) values, corrected for distance. This E (B−V ) value is systematically smaller than the value computed from the Schlegel et al. (1998) map by about 0.02 mags. Arce & Goodman (1999) found that the Schlegel et al. map overestimates the extinction in some regions, in particular when the extinction is large. For the bright stars of the sample, reddening was taken from Pilachowski et al. (1996) .
The adopted values of E (B−V ) and the dereddened colours are listed in Table 3 , along with the corresponding derived temperatures. These values would be about 50K higher if the Schlegel et al. (1998) values for reddening had been adopted. We note that for CS 31082-001 the temperature deduced from (V-R) is higher than the temperature found in Hill et al. (2002) , because in the latter paper the transformation V-R vs. temperature had been taken from McWilliam et al. (1995) .
The final temperatures adopted for our analysis are listed in Table 3 (column 13); 82% of the temperatures deduced from the different colours are located inside the interval T(adopted) ± 100K. This corresponds to a random error of about 80K (1 σ).
The microturbulent velocity, v t , was derived from Fe I lines in the traditional manner, requiring that the abundance derived for individual lines be independent of the equivalent width of the line. Finally, the surface gravity, log g, was determined by requiring that the Fe and Ti abundances derived from Fe I and Fe II, resp. Ti I, Ti II lines be identical.
It should be noted that our log g values may be affected by NLTE effects (overionization) and by uncertainties in the oscillator strengths of the Fe and Ti lines. Carretta et al. (2002) used another method: they deduced the gravity from isochrones (Yi et al. 2001) , and found that the abundances of iron deduced from Fe I or Fe II lines show ionization equilibrium within 0.2 dex (cf. their Table 1 ). For the one star we have in common with these authors (CS 22878-101), we adopted the same effective temperature (T ef f =4800K), and the agreement for log g is excellent; in both cases log g = 1.3 (Table 4) . Hence, these two independent methods provide similar results.
The final model atmosphere parameters adopted for the stars are given in Table 4 .
Validity checks
To check the validity of the model parameters (T ef f , log g, v t ) we have plotted for all the Fe I lines in each star (see Fig. 3 ): (i) the iron abundance as a function of the excitation potential of the line (to check the adopted temperature and the importance of NLTE effects); (ii) the abundance vs. the equivalent width of the line (to check on the microturbulence velocity); (iii) the abundance vs. wavelength (as a consistency check, which can shed light on problems linked to the synthetic spectra computations).
Using the photometrically derived T ef f we find no trend with the excitation of Fe I lines (at least when only the lines with χ ex > 1eV are taken into account), contrary to what was reported by Johnson (2002) using Kurucz models. Johnson also found, for the most metalpoor stars of her sample, a trend of increasing abundance with decreasing wavelength. In a first approach we saw the same effect, using a spectrum synthesis code that treats continuum scattering as if it were absorption. The Turbospectrum code takes proper account of continuum scattering, with the source function written as scattering we find no or much less correlation of abundance with wavelength. Indeed, it turns out to be crucial to not approximate scattering by absorption. In our model with T eff = 4600 K, log g = 1.0, and [Fe/H] = -3, the ratio σ/κ in the continuum opacity at the τ λ = 1 level is 5.2 at λ = 350 nm, whereas it is only 0.08 at λ = 500 nm. At τ λ = 0.1, these numbers are 57 and 3.2 respectively. In the presence of significant scattering, radiation in the continuum reflects the physical conditions of deeper, hotter layers than those at τ = 1 (the J ν part of the source function). Neglecting this, which is equivalent to including scattering in the absorption coefficient, results in too low a flux in the continuum, and thus too weak spectral lines.
In fact, for the model above, calculations show that the continuum flux with scattering included in absorption is only 55% of its value with scattering at 350 nm, 93% at 500 nm). This forces the derived abundances towards higher values at the (short) wavelengths where scattering is important. It is thus especially important to properly account for continuum scattering when studying metal-poor stellar spectra! For completeness, we note that in some cases we even find a slight opposite trend (decreasing abundance at shorter wavelength), which we interpret as due to NLTE effects in lines which are at least partly formed by scattering.
Stellar parameter uncertainties and associated abundance uncertainties
For a given stellar temperature, the ionization equilibrium provides an estimate of the stellar gravity with an internal accuracy of about 0.1 dex in log g, and the microturbulence velocity v t can be constrained within 0.2 km s −1 . The largest uncertainties in the abundance determination arise in fact from the uncertainty in the temperature of the stars. First, the different indices give different temperature estimates; from Sect. 3.1 we estimate that the corresponding error is about 80 K. Another source of error is the estimation of the reddening. The error on E (B−V ) is about 0.02 mags, corresponding to a temperature error of about 60 K. Overall, we estimate that the total error on the adopted temperatures is on the order of 100 K.
Tables 5 and 6 list the abundance uncertainties arising from each of these three sources (log g, v t , and T ef f ) individually (columns 2 to 4, from the comparison of models B, C and D to the nominal model labeled A) for two stars which cover much of the parameter space of our sample: HD 122563 (T ef f = 4600K, log g = 1.0, v t = 2.0 km s −1 , and [Fe/H] = -2.8, Barbuy et al. 2003) and CS 22948-066 (T ef f = 5100K, log g = 1.8, v t = 2.0 km s −1 , and [Fe/H] = -3.1).
Because gravity is determined from the ionization equilibrium, a variation of T ef f will change log g and also sometimes slightly influence v t (as the strongest lines are statistically also those with the smaller excitation potentials, v t is not totally independent of the adopted temperature). Hence, the total error budget is not the quadratic sum of the various sources of uncertainties, but contains significant covariance terms. As an illustration of the total expected uncertainty, we have computed the abundances in HD 122563 and CS 22948-066 with two models, one with the nominal temperature, gravity, and microturbulent velocity (model A) and another with a 100K lower temperature, determining the corresponding "best" gravity and microturbulence values (model E). In HD 122563, log g decreased by 0.4 dex and the v t by 0.2 km s −1 , whereas for CS 22948-066, log g decreased by 0.3 dex while v t required no change.
Tables 5 and 6 (column 5) show that the difference in [Fe/H] between these two models amounts to ∼0.09 dex (0.06 dex for HD 122563 and 0.11 dex for CS 22948-066), but the differences in the abundance ratios are small (< 0.07 dex). In general, the model changes induce similar effects in the abundances of other elements and Fe, so that they largely cancel out in the ratio [X/Fe]. 
Abundance results from C to Zn
The abundances of elements from C to Zn are presented for all the programme stars in Tables 9 to 13 . The abundances of elements heavier than Zn (such as Sr, Ba, etc.) will be discussed in a forthcoming paper.
Carbon and Nitrogen
In the course of normal stellar evolution, carbon is essentially all produced by He burning. In zero-metal massive stars, primary nitrogen can be synthesized in a H-burning layer where fresh carbon built in the helium burning core is injected by mixing (e.g., induced by rotation). The carbon abundance for our stars is determined by fitting the computed CH AX electronic transition band at 422.4 nm (the G-band) to the observed spectrum.
In our sample the mean value of the ratio [C/Fe] is close to zero. In very metal-poor stars it has been found that 10-15% of stars with [Fe/H]< −2.5 are carbon rich, increasing to 20-25% for stars with [Fe/H]< −3.0 (Norris, Ryan, & Beers 1997; Rossi et al. 1999; Christlieb 2003) . However, for our sample we selected stars without anomalously strong G-bands, with only two exceptions: CS 22892-052 2000; CS 22949-037 (Depagne et al. 2002) . As a consequence, our sample is biased against carbon-rich objects and cannot be used to constrain the full dispersion of carbon abundances at the lowest metallicities.
Another word of caution concerns mixing episodes in these evolved stars. In giants it is possible that material from deep layers, where carbon is converted into nitrogen, has been brought to the surface during previous mixing episodes. This phenomenon is well known in globular cluster stars (e.g., Langer et al. 1986; Kraft 1994) . To check for this effect, Fig. 4 shows the ratio [C/Fe] as a function of the estimated temperature of all our stars. There is an indication of a decline in [C/Fe] at temperatures below 4800 K, consistent with the expectation from deep mixing of processed material.
It would also be interesting to probe mixing by plotting the [C/N] ratio vs. the temperature of the star, but unfortunately nitrogen could be measured only in a few of our programme stars. Nitrogen is best measured from the CN BX electronic transition band at 388.8 nm. For most of our sample stars this CN band is not visible. Indeed, it is detected in only six stars -the two "C-rich" stars CS 22892-052 and CS 22949-037 (Depagne et al. 2002) , which both present strong nitrogen enhancements -probably linked to the carbon enhancement -and four other stars with slight nitrogen enhancements. As expected if these enhancements are due to mixing episodes, these four stars also show carbon abundances below the mean value. However, it should be noted that one of these stars is hotter 4800 K (BD+17:3248, T ef f = 5250 K).
To avoid potential difficulties with mixing, we selected only the stars with temperatures higher than 4800 K to study the trend of the relation [C/Fe] vs. metallicity (Fig. 5 ). In the interval −4.1 < [Fe/H] < −2.5 the average ratio [C/Fe] is close to zero. However, the dispersion is very large (0.37 dex) and the slope of the regression line is not significant (the two CH-strong stars were excluded from these computations). Obviously, a study of a more representative sample of low metallicity stars, including stars with large carbon enhancements, may well change these results.
Oxygen
During normal stellar evolution, oxygen is produced during the central helium-burning phase, with some contribution from neon burning. In massive stars large amounts of oxygen can be produced via explosive nucleosynthesis (see Depagne et al. 2002) .
Oxygen is the most abundant heavy element throughout the cosmos. However, it is well known that the oxygen abundance in stars is difficult to determine, since the four O features in stellar spectra (the forbidden lines at 630.0-636.4 nm, the permitted triplet at 777.2, 777.4, and 777.5 nm, the near IR vibration-rotation bands and the near-UV OH electronic transition bands) often provide discrepant values. In the very metal-poor giants over the range of wavelengths studied here (350 -1000 nm) the only line available is the forbidden [O I] line at 630.031 nm, generally admitted to be the most reliable one (Kraft 2001; Cayrel et al. 2001; Nissen et al. 2002) . This line is apparently not sensitive to non-LTE effects (Kiselman 2001 ), but following Nissen et al. (2002) it seems important to take into account hydrodynamical (3D) effects.
Allende Prieto et al. (2001) recently computed the solar abundance of oxygen from the forbidden oxygen line, using synthetic spectra based on 3-D hydrodynamical simulations of the solar atmosphere. Moreover, they subtracted the contribution from a weak Ni I line which blends with the solar oxygen line, and computed a new very precise value of the transition probability of the forbidden line from a new computation of the magnetic dipole (Storey & Zeippen 2001) and electric quadrupole contributions (Galavis et al., 2001 ). They found a log gf [OI] 630.031 = −9.72, and an oxygen abundance logǫ ⊙ (O) = 8.69 (with a 1D model the solar oxygen abundance would be logǫ ⊙ (O) = 8.74, following Nissen et al. 2002) . We have also adopted log gf [OI] 630.031 = −9.72. As the solar reference value we assumed logǫ ⊙ (O) = 8.74 for our initial (1D) computation of [O/H] and [O/Fe] . We also attempted to correct these 1-D computations for 3-D effects (see below) and in that case, the corresponding reference solar value logǫ ⊙ (O) = 8.69 was used.
The forbidden oxygen line is very weak, especially in the most metal-poor stars, where the line is generally below the limit of detection for [Fe/H] < −3.5. Hence, it has not been possible to determine oxygen abundances for all stars of the sample. However, the high quality of the spectra allowed a precise measurement to be made for most of our stars.
The oxygen line is located in a region where the S/N ratio of the spectra is the highest. Unfortunately, weak interference fringes from the CCD detector sometimes appear in this region and make the definition of the continuum more uncertain. We recall that the depression at the center of a 1mÅ line corresponds to only about 0.6% of the continuum, so the measurement of lines with an equivalent width below 1 mÅ is often difficult in this region of the spectrum. Moreover, in some unfortunate cases, the stellar oxygen line is superimposed on strong telluric lines in absorption or emission, and cannot be measured with sufficient precision, even after correction for night-sky emission or absorption lines (sky subtraction or division by the spectrum of a fast-rotating hot star).
We first computed the oxygen abundance using 1-D OSMARCS models. (Nissen et al. 2002) . The correction is uncertain since it has been computed for dwarfs. The slope of the regression line (dashed) is small and not significant.
[O/Fe] ≈ 0.7 (Fig. 6, upper panel) . A large dispersion, on the order of 0.17 dex, is found.
Abundance corrections have been computed with 3-D radiative hydrodynamical codes by Nissen et al. (2002) for metal-deficient dwarfs, but not for giant stars. However, they note that the sign of the correction is unlikely to change, and that therefore the [O/Fe] ratio based on [O I] lines should always be smaller in 3-D than in the 1-D computations. Thus, we assumed as a first approximation that the correction computed by Nissen et al. (2002) is valid also for metal-deficient giants. The result of this exercise is shown in Quite recently, Johansson et al. (2003) have made a new determination of the gf value for the Ni I 6300.34 line, itself actually a blend of 58 Ni and 60 Ni lines. This blend does not affect our own determinations of oxygen abundance, thanks to the smaller relative contribution of Ni to the blend in oxygen-enhanced stars. But it does affect our derived [O/Fe] values through a change of the solar oxygen abundance. Assuming that we are in the linear domain for line depths smaller than 5%, the new oscillator strength would increase the contribution of the Ni blend in the Sun from 29% to 43%, inducing a correction of log(57/71) ≈ 0.1 dex to the solar oxygen abundance and increasing our [O/Fe] values by the same amount. However, the superb fit obtained by Allende Prieto et al. (2001) , would likely also suffer from this significant enhancement of the Ni I contribution.
We finally note that the extremely metal-poor star CS 22949-037 has an exceptionally high O abundance according to Depagne et al. (2002 
Light even-Z metals: Mg, Si, Ca, Ti
In our spectra there are about 7 well-defined lines of magnesium, 15 lines of calcium, and about 30 lines of titanium, but silicon is represented by only two lines -one at 390.55 nm and the other at 410.29 nm. As the first line is severely blended by a CH line, we have chosen to use only the second one, which unfortunately falls in the wing of the Hδ line. To compute the silicon abundances, synthetic profiles of the line were computed taking into account the presence of the Hδ line.
Following A. Chieffi (private communication), Mg is formed during hydrostatic carbon burning in a shell and during explosive neon burning. Si and Ca are built during incomplete explosive silicon and oxygen burning, and Ti during complete and incomplete silicon burning. As shown in Fig. 7 , they all appear to be enhanced relative to iron, but any slope with [Fe/H] is generally small ( Table 7) The scatter around the mean value is small (σ Mg = 0.13 dex, σ Si = 0.15 dex, σ Ca = 0.11 dex, σ T i = 0.10 dex); however, it increases slightly as the metallicity decreases. In Table 7 we list, for each element, the dispersion around the mean regression line in the intervals [−4.1 < [Fe/H] < −3.1] and [−3.1 < [Fe/H] < −2.1], as well as the value expected from measurement errors only.
The nearly identical abundance ratios of these light metals at low metallicity suggest that there is a similarly constant ratio between the yields of iron and of the other elements, in spite of the quite different sites where they are produced. In the case of magnesium, the spread around the mean value is not significantly larger than the measurement errors, even at the lowest metallicities. An exception is the peculiar star CS 22949-037, which is strongly enhanced in light elements (C, O, Na, Mg, Al) but has a "normal" abundance of Si, Ca, and Ti. This star is clearly an outlier and has not been taken into account in the computation of the "normal" trends and dispersions of the lighter elements. 
The odd-Z metals: Na, Al, K, and Sc

NLTE effects
In extremely metal-deficient stars, the abundances of the odd-Z elements Na, Al, and K are deduced from resonance lines which are very sensitive to non-LTE effects. Hence, to determine the trends of these elements with metallicity it is important to take these effects into account, at least approximately.
The sodium abundance is computed from the Na D resonance lines at 589.0 nm and 589.6 nm. In some stars these lines are severely blended by interstellar lines, and the sodium abundance cannot be measured accurately. Baumüller et al. (1998) have evaluated the importance of NLTE effects in metal-poor dwarfs and subgiants. They found that the correction can reach values as high as -0.5 dex. To account for this effect, the values of [Na/Fe] given in Tables 9 to 13 should thus be decreased by 0.5 dex.
The abundance of aluminium is based on the resonance doublet at 394.4 and 396.15 nm. Due to the high resolution and high S/N of the spectra, both lines can be used, and the blending of Al 394.4 nm by a CH line is easily taken into account. The Al abundance is underestimated in LTE computations (Baumüller & Gehren (1997) ; Norris et al. 2001 ), but since our stars are all very similar in temperature and gravity we can consider this correction to be similar and close to +0.65 dex for all the stars. As a consequence, the LTE abundance given in Tables 9 to 13 should be increased by about +0.65 dex.
The K abundance has been determined from the red doublet at 766.5 and 769.9 nm. Ivanova & Shimanskii (2000) have computed NLTE corrections for the K lines as a function of effective temperature and gravity. In the range 4500 < T ef f < 5100 K and 0.5 < log g < 2.0 the NLTE correction reaches ∼ −0.35 dex. Thus, the LTE abundances given in Tables 9 to 13 should be decreased by about 0.35 dex (this correction has been taken into account in Fig. 9 ). Takeda et al. (1998) propose NLTE corrections that are slightly smaller (∼ −0.25 dex), irrespective of metallicity or gravity.
We finally note that in the range of temperature, gravity, and metallicity covered by our sample we can assume that these corrections are similar for all the stars, thus they do not alter the general abundance ratio trends, only the levels of the relations.
The light elements Na and Al
The production of Na and Al is expected to be sensitive to neutron excess , and therefore depends on the amount of neutron-rich nuclei present in the supernova before the synthesis of these two odd-Z metals. Na is synthesized during hydrostatic carbon burning and partly in the hydrogen envelope (Ne, Na cycle), while Al is synthesized during carbon and neon burning and also in the hydrogen envelope (Mg, Al cycle).
In Fig. 8 (Table 7) . On the other hand, while Na decreases significantly with decreasing metallicity, Al remains practically constant within the range −4.0 < [Fe/H] < −3.0. The striking difference in the behavior of these two elements of very similar atomic numbers is puzzling, but there remains an alternative interpretation of the plot of [Na/Fe] vs. [Fe/H], which we consider in Sect. 5.2. 
K and Sc
In this paper we present, for the first time, measurements of potassium abundances for a large sample of very metalpoor stars.
K is produced during explosive oxygen burning, while Sc is synthesized during explosive oxygen and neon burning. The Sc yields in the grid of show large variations and thus appear to be strongly influenced by the parameterisation of the explosion (Samland 1998) . The Sc yields also show very large variations as a function of the mass of the progenitor in the computations of ; thus we might expect a large scatter of the ratio [Sc/Fe] vs. [Fe/H] .
In Fig. 9 (Table 7) . The star CS 30325-094 appears to be K-and Sc-rich, while the more metalpoor star CS 22885-096 is rich in Sc, with a "normal" K abundance.
Iron-peak elements
Generally speaking, the iron-peak elements are built during supernova explosions. More specifically, Cr, Mn, Fe, Co, Ni, and Zn are built during (complete or incomplete) explosive silicon burning in two different regions characterized by the peak temperature of the shocked material Arnett 1996 
Cr and Mn
Six manganese lines are visible in our spectra but three of them belong to the resonance triplet (a 6 S − z 6 P 0 ). The abundance of Mn deduced from this triplet is systematically lower (-0.4 dex) than the abundance deduced from the other manganese lines, and thus has not been taken into account in the mean. (The difference can be due to NLTE effects or to a bad estimation of the gf values of the lines of this multiplet). However, for the five most metalpoor stars only the resonance triplet was detected. In this case the abundance deduced from these lines has been systematically corrected by 0.4 dex (and are the values given in Tables 9 to 14) .
Cr and Mn are produced mainly by incomplete explosive silicon burning Umeda & Nomoto 2002) . The observed abundances of these elements have previously been shown to decrease with decreasing metallicity (McWilliam et al. 1995; Ryan et al. 1996; Carretta et al. 2002) .
As shown in Fig. 10 Carretta et al. (2002) . Moreover, our precise measurements show that [Cr/Fe] exhibits extremely small scatter (σ = 0.05 dex over the entire metallicity range; see Table 7 ). This scatter is no larger than expected from measurement errors alone, indicating that any intrinsic scatter is extremely small and that the production of Fe and Cr are very closely linked. Among all elements measured in extremely metal poor stars, no other element follows iron so closely. We discuss this point further in section 5.3).
Present nucleosynthesis theories do not yet provide a clear explanation for this close link between Fe and Cr, together with the observed decrease of [Cr/Fe] with decreasing metallicity. This is even more puzzling since the metallicity ([Fe/H]) of a given XMP star may be considered as the ratio of the iron yield to the volume of H gas swept up by the ejecta, which is a priori independent of the nucleosynthesis which takes place in the exploding SN and drives the [Cr/Fe] ratio. However, as argued by Ryan et al. (1996) and explored further by Umeda & Nomoto (2002) , both the amounts of gas swept up and the supernova yields may be correlated through the energy of the explosion, which depends in turn on the mass of the progenitor. But the low scatter is surprising.
The relation [Cr/Mn] vs.
[Fe/H] shows practically no trend with metallicity in the range −4.0 < [Fe/H] < −2.5 (Fig. 11 ). However at low metallicity the manganese abundance is deduced from the resonance lines and a correction of 0.4 dex is empirically applied. An NLTE 3D analysis of these lines would be necessary to be sure that no significant slope is found, but it seems that the ratio Cr/Mn is close to the solar value in the most metal-poor stars, although Mn is an odd-Z element and Cr an even-Z element.
Co, Ni, and Zn
Fe, Co, Ni, and Zn are produced mainly in complete explosive Si burning. The abundance trends of these elements are presented in Fig. 12 . McWilliam et al. (1995) found that [Co/Fe] increases with decreasing [Fe/H]. We confirm this trend (Fig. 12) , but the slope of the relation we obtain (∼ 0.13 dex per dex) is not as steep as they found. Also, the scatter in our data (≈ 0.15 dex) is significantly larger than expected from measurement errors alone.
Co and Ni are thought to be synthesized in the same nuclear process, but unlike [Co/Fe] Zinc is an interesting element, as it is produced by complete silicon burning, but it has been suggested that it could also be formed by slow or rapid neutron capture (Heger & Woosley 2002; Umeda & Nomoto 2002 Primas et al. (2000) . The increase is quite significant and seems to be the signature of an α-rich freeze-out process.
We recall that the abundances in the peculiar star CS 22949-037 were found by Depagne et al. (2002) to correspond to the expected yields (Woosley & Heger, private communication) of a rather massive progenitor (M = 35M ⊙ ), assuming a high mass cut some mixing and a rather large fallback (due to the large mass of the central remnant). The [Zn/Fe] ratio of this star is, however, similar to the "normal" stars of the sample and seems to be a global feature of extremely metal-poor stars. 
Discussion
Comparison with previous studies of very metal-poor stars
Mg as an alternative "reference element"
Iron is a convenient "reference element" in high-resolution spectral analyses, because it has by far the largest number of usable lines and is represented by two ionization states. Iron may not be the best choice as a tracer of Galactic chemical evolution, however, since its nucleosynthesis channels are not very well understood, and are not necessarily even unique (e.g., explosive nucleosynthesis, Si burning in massive SNe II, or SNe Ia).
From the point of view of the chemical evolution of the Galaxy oxygen would be a better choice (see Wheeler, Sneden & Truran 1989) , as oxygen is the most abundant element after H and He, it comes from a single source, and its abundance should not be significantly affected in the explosive phase. However, its well-known observational difficulties would considerably degrade the accuracy of the derived trends: Oxygen could be measured in only 21 of our programme stars and the uncertainties on its abundance are large (see in particular Sect. 3.3 and the error bars in Fig. 6 ).
Mg or Ca might be good alternatives. The abundances of these elements are accurately determined, and they are also formed mainly in massive SNe. We choose Mg rather than Ca here (Fig. 13) , because Mg is more robust in the sense that its production is dominated by hydrostatic burning processes and it is also less affected by explosive burning and by "fallback" . Note that Yet, the new diagrams (see Fig. 13 ) present a few notable differences. One is expected -the scatter is never as low as in some of the earlier diagrams because [Mg/H] is determined less accurately than [Fe/H], being based on 8 lines instead of 150. The other -new -result is very interesting: rather than a roughly linear variation over the full range −4.0 < [Mg/H] < −2.5, there is a hint that all abundance ratios are flat in the interval −4.0 < [Mg/H] < −3.0, with something qualitatively different occurring at higher metallicity.
This pattern is in fact what is expected if the first SNe are primordial and have specific yields: the plateau between −4.0 and −3.0 would then reflect a pure zerometallicity type of SNe, whereas at higher metallicity we may observe a mix of primordial and non-primordial SNe. At still higher metallicities (≥ -2.0), the scatter is expected to decrease again because so many SN precursors are involved that any differences average out.
We now consider a few elements of particular interest.
• Carbon Karlsson & Gustafsson (2001) have statistically simulated Fig. 10 the chemical enrichment of a metal-poor system, assuming that the stellar yields are one-dimensional functions of the progenitor mass of the supernovae and the masses of the supernovae are distributed according to a Salpeter IMF. In particular, they computed the distribution of the abundance ratio [C/Mg] vs. [Mg/H] in a hypothesized sample of 500 XMP stars (their Fig. 3 ), adopting the yields of either or Nomoto et al. (1997) . Our On the other hand, both in their simulation and as observed in our present sample, the [C/Mg] ratio seems to decrease with increasing [Mg/H]. Following Karlsson and Gustafsson (2001) , this effect could be the result of different supernova masses operating at different metallicities. SNe producing a high [C/Mg] ratio produce only small amounts of Mg; on the contrary, SNe producing a low [C/Mg] ratio also produce substantial Mg.
Karlsson & Gustafsson show that the patterns they predict become barely visible (or invisible) in an observational sample smaller than N ≈ 500 and affected by uncertainties of the order of 0.1 dex. We have examined how their [C/Mg] vs. [Mg/Fe] diagram would appear for our sample (Fig. 14) . Not only is no fine structure visible, but our diagram is considerably more extended in the vertical direction, strongly suggesting that the scatter in [C/Mg] is not explained by the theoretical yields.
• Sodium and Aluminium [Na/Fe] and [Al/Fe] exhibit very different behaviours as functions of [Fe/H] (Fig. 8) . However, when Mg is used as a reference element (Fig. 13) , the behavior of these elements appears rather similar, and a plateau at the lowest metallicities appears for Na as well as for Al: below [Mg/H] = −3.0, [Na/Mg] remains constant at about • 
Cosmic vs. observational scatter in the abundance ratios
A key motivation for the present programme was to explore to what extent the scatter in the observed abundance ratios is due to observational error, and to what extent it reflects physical conditions in the early Galaxy when these stars were formed. McWilliam et al. (1995) and McWilliam & Searle (1999) Our observations were designed to achieve twice the spectral resolution and 3-4 times the S/N ratio of the earlier data in order to test this very point. With our much lower observational errors, we can conclude that while the scatter for C, Na, Mg, Al, and Si is probably real, the very small scatter of Ca, Cr, and Ni still do not leave room for the existence of an intrinsic scatter! Consider the case of chromium, which has the lowest observed scatter (r.m.s. 0.05 dex). The problem mentioned earlier is very acute and derives from the simultaneous absence of scatter and presence of of a slope of [Cr/Fe] versus metallicity. Although one can argue that the amount of hydrogen swept up by the ejecta is mainly determined by the energy of the explosion of the SN (Cioffi et al. 1988) , thus relating the abundance ratios produced by the SN to the final [Fe/H] of the enriched gas, it is still difficult to believe that there is so little room for noise in the mixing process. However, if the slope is in fact spurious (e.g., due to neglected differential NLTE corrections between Cr and Fe), as suggested by the diagram of [Cr/Mg] vs. [Mg/H] (Fig. 13) , the problem vanishes. One would simply conclude that Cr and Fe are produced together, independent of the metallicity of the SN progenitor, and the amount of mixing cannot be localized anymore along the metallicity axis. Until detailed NLTE computations for Cr and Fe become available we cannot decide if this interpretation is correct.
For all the elements discussed here, our results show that the scatter of their production ratios is very small, far below the values derived earlier. This implies that we are observing either the ejecta of fairly large bursts of massive stars, so the sampling of the IMF is reasonably good, or the result of several events promptly mixed by strong turbulence.
The nature of the first supernovae
Theoretical work (Bromm et al. 2001 and references therein) predict that the first stellar generation is made of very massive stars, with masses above 100 M ⊙ , because zero-metal matter lacks adequate cooling mechanisms for fragmenting down to classical supernova-progenitor masses. Results of WMAP (Kogut et al. 2003) on an early reionization of the Universe have triggered further claims (Cen 2003 ) of a very massive stellar generation.This has very important implications for early 'stellar' nucleosynthesis. According to current models, such stars either end up as pair-instability supernovae, or as collapsed black holes, in the latter case with no contribution to the metal enrichment of the ISM (Heger & Woosley 2002; Umeda & Nomoto 2002) . A comparison of the yields of Heger & Woosley with our results show a clear disagreement, in particular the predicted strong odd-even effect, not seen in our observations, and a strong decline of Zn with metallicity also not observed. Nakamura et al. (2001) and Nomoto et al. (1997) Our conclusion is that classical SNe are still the best candidates to explain our observational results.
Peculiar objects
CS 22949-037
The highly peculiar abundances of CS 22949-037 were studied in detail by Depagne et al. (2002) . They may be explained by a single progenitor or by an enrichment event dominated by massive SNe II with substantial fallback; this applies also to the similar star CS 29498-043 analysed by Aoki et al. (2002a Aoki et al. ( , 2002b . Tsujimoto & Shigeyama (2003) propose another interpretation of CS 22949-037 and CS 29498-043. The high [Mg/Fe] ratio could be due to a low-energy explosion, strong enough to eject the layers containing the light elements, but ejecting little iron and other iron-peak elements. In this interpretation, the lack of Fe relative to the lighter elements O and Mg is also associated with a large fallback on the remnant, but due to a low explosion energy rather than a large mass of the collapsed core as in the model adopted by Depagne et al. (2002) . However, the normal Cr/Mn/Fe/C/Ni ratios observed in this star would rather suggest a normal explosion energy, the larger fallback being due to a larger mass of the single or multiple progenitors.
Further exploration of the precise abundance patterns of these two putative low-energy supernova descendents should be quite interesting. This interpretation would link the exceptional cases of the most extreme metal-poor stars with rather low-mass progenitors. It would, however, conflict with the usual interpretation which associate the more massive progenitors with both the earliest explosions and the largest volume of hydrogen swept up, resulting in low metallicity in the ISM. The problem clearly requires further investigation.
CS 22952-015
CS 22952-015 is known to be Mg deficient (McWilliam et al., 1995) . In the abundance ratio plots vs. [Mg/H] (Fig.  13) (Fig. 8) , 
CS 22169-035
CS 22169-035 appears to be particularly deficient in Ti (Fig. 7) 
Yields of the first supernovae
With Mg chosen as the reference element (Fig. 13) , the most metal-poor stars in our sample ([X/H]< −2.9) define a plateau at abundance ratios [X/Mg] corresponding to the yields of the first supernovae, thus providing constraints on these yields. The mean value of [X/Mg] of each plateau is given in Table 8 and represent our best estimate of the yields from the first metal producers in the Galaxy. In Fig. 15a , these mean values are compared to the values predicted by In Fig. 15b we compare with the zero-metal models of Chieffi & Limongi (2003) The connection between the abundances observed in these very old stars and those observed in intergalactic clouds -in particular the damped Ly α systems (DLA) -will be further discussed in subsequent papers. 
Conclusions
We have studied the abundances of 17 elements from C to Zn in a sample of 35 halo giant stars in the metallicity range -4.0 < [Fe/H] < -2.7. Our VLT/UVES spectra have resolving power R = 47, 000 and S/N ratio per pixel between 100 and 200 -far better than former data obtained with 4-m class telescopes. The lowest possible metallicity range was chosen because, according to previous theoretical work, this is where one expects to see the imprint of SN ejecta from either single SNe or single bursts of star formation.
• We have shown that in very metal-poor giants the continuous opacity in the UV is dominated by the Rayleigh scattering, and it is therefore crucial in this region to properly account for continuum scattering, as it has been done in this work. (A still better approach would be to take also scattering into account in the line formation).
• Our first and probaby most important conclusion is the existence of a surprisingly well-defined pattern of abundance ratios, with a cosmic scatter often at (or below) the level of detection (with the exception of carbon). Given the exceptional quality of our observations, our upper limit to the cosmic scatter is 3-4 times lower than former determinations.
• Trends with metallicity, visible as mild slopes in diagrams of [X/Fe] • In the diagram [Cr/Fe] vs. [Fe/H] the intrinsic scatter is so small as to raise the suspicion that the mild slope might be due to residual, metallicity-dependent, differential NLTE corrections to our abundances for Cr and Fe, rather than to a variation of the [Cr/Fe] ratio in the yields. The lack of any slope when Mg is taken as the reference element supports this hypothesis. Moreover, if there were real changes in the [Cr/Fe] ratio in the yields, we would have to explain how the ejecta could be diluted in the environment without producing significant scatter in [Cr/Fe] at given [Fe/H], a rather unlikely scenario. Our result for [Cr/Fe] makes clear that progress on the interpretation of our observational data requires further progress in stellar atmosphere theory. NLTE computations are available for only a few elements, and 3-D effects have not yet been computed for giants -a special concern for our sample, which consists exclusively of giants.
• The low scatter in our observed abundance ratios suggests that they are the results of enrichment events that are not single SNe (we should then see scatter due to the different masses of each SN), but rather of single "burst" events.
• Our results are clearly incompatible with the predicted yields of pair-instability supernovae/hypernovae (Umeda & Nomoto 2002 , Heger & Woosley 2002 . Neither the expected strong odd-even effect nor the predicted Zn deficiency is observed. Very high-energy SNe, with explosive energies of the order of 10 53 ergs, are not good candidates either, as they under-produce oxygen (Nakamura et al. 1999) . Only when mixing and fallback are added is a better fit obtained (Umeda & Nomoto 2002) .
• A detailed comparison of our observations with theoretical supernova yields is deferred to a forthcoming paper. However, a first comparison has been made with standard sources of theoretical yields of SNe with progenitor masses in the usual range from 12 to 70 M ⊙ . While not perfect, they still give the best available fit, at least when compared to more exotic processes. This has implications for the kinds of massive stars that are thought to have reionized the Universe as early as 200 million years after the Big Bang, according to the recent results from WMAP.
Our abundance results for elements heavier than Zn (e.g., Sr, Ba, etc.) and detailed comparisons with Galactic chemical evolution models will be discussed in forthcoming papers.
Acknowledgements. This paper makes use of data from the DENIS survey and from the 2MASS All Sky Survey (a joint project of the University of Massachusetts and the Infrared Processing and Analysis Center/California Institute of Technology, funded by the National Aeronautics and Space Administration and the National Science Foundation). We thank G. Simon for the communication of DENIS photometry in advance of publication, A. Chieffi for very useful comments, and the ESO staff for assistance during all the runs of our Large Programme. TCB acknowledges partial support from grants AST 00-98508 and AST 00-98549 awarded by the U.S. National Science Foundation. BA & JA thank the Carlsberg Foundation and the Swedish and Danish Natural Science Research Council for partial financial support of this work. Table 1 . Log of the UVES observations. The S/N ratio per pixel is given for three representative wavelengths. (Due to the large number of pixels in each resolution element, the S/N ratios of the table need to be multiplied by a factor of 1.3 in order to compare them to the values available in the literature) Hill et al.(2002) Table 3. Photometry and derived temperatures for the programme stars. The V-I and V-R colours are on the Johnson system, while J-K and V-K have been transformed to the TCS system (see Alonso et al. 2001) . Table 7 . Coefficients of the adopted regression lines. In columns 2 and 3 are given the coefficients a and b of the relation [X/Fe] = a [Fe/H] + b. In column 4 is given the scatter measured in the total interval, and in column 5 and 6 the scatter in two different intervals of metallicity. Column 7 lists an estimate of the scatter expected from measurement errors only. For some elements the total scatter is hardly larger than the expected error. 
